Introduction
============

Chronic infection and associated inflammation may be involved in numerous unfavorable pathologic conditions, including atherosclerosis. Several studies have investigated the association between atherosclerotic disease and certain specific infectious microorganisms, such as hepatitis A virus,[@b1-cmc-suppl.3-2014-001] herpes simplex virus,[@b2-cmc-suppl.3-2014-001] *Chlamydia pneumoniae*,[@b3-cmc-suppl.3-2014-001] and HIV[@b4-cmc-suppl.3-2014-001]; however, not only do the precise mechanisms remain unclear but a controversy also exists over whether such an association really exists.[@b5-cmc-suppl.3-2014-001]

It is possible that the reported results may differ according to the study design (eg, cross-sectional or longitudinal, and length of follow-up period) and/or target population (race, ethnicity, high or low risk for atherosclerosis, and sample size).[@b6-cmc-suppl.3-2014-001] One of the final goals of such investigations may be to conclude whether controlling the infection of presumably infective microorganisms will effectively reduce the risk of the progression of atherosclerotic processes. Several studies have already evaluated such a possibility with both positive[@b7-cmc-suppl.3-2014-001] and negative[@b8-cmc-suppl.3-2014-001]--[@b10-cmc-suppl.3-2014-001] findings. Irrespective of these efforts, the association or non-association of certain infections with atherogenesis remains obscure.[@b11-cmc-suppl.3-2014-001],[@b12-cmc-suppl.3-2014-001]

Hepatitis C virus (HCV) is one such microorganism, chronic infection of which may or may not be associated with advanced or early stage atherosclerosis. Since the demonstration of a possible association between HCV infection and carotid atherosclerosis among the Japanese general population,[@b13-cmc-suppl.3-2014-001],[@b14-cmc-suppl.3-2014-001] several studies have been conducted to confirm, or disprove, an independent association between HCV infection and atherosclerotic disorders, including coronary artery disease,[@b15-cmc-suppl.3-2014-001] ischemic stroke,[@b16-cmc-suppl.3-2014-001] and early atherosclerosis, especially among patients without advanced liver cirrhosis. To this end, in this mini-review, we would like to discuss what has been reported about the relationship between HCV infection and atherosclerotic diseases to date, and the mechanisms by which HCV may promote atherosclerotic process, if it promotes it at all.

HCV Infection and Cardiovascular Mortality
==========================================

Amin et al investigated the incidence of mortality in an Australian population diagnosed with HCV infection and found that the incidence of death related to the circulatory system, as well as all-cause death, was increased among the study subjects.[@b17-cmc-suppl.3-2014-001] Guiltinan et al performed a retrospective cohort study of 10,259 HCV antibody-positive subjects and 10,259 age- and sex-matched HCV antibody-negative subjects.[@b18-cmc-suppl.3-2014-001] In their study, the HCV-positive group unexpectedly had a greater risk of mortality because of cardiovascular causes with a hazard ratio of 2.21 (95% confidence interval \[CI\], 1.41, 3.46). In these two studies, however, whether or not the findings were because of an advancement of coronary artery atherosclerosis was not documented.

By contrast, in a cross-sectional study of adults in northeast of Germany, Volzke et al reported that there was no association between serological markers of HCV infection and atherosclerotic endpoints comprising myocardial infarction, stroke, carotid intima-media thickness, carotid plaques, and stenosis.[@b19-cmc-suppl.3-2014-001]

HCV Infection and Coronary Artery Disease
=========================================

Whether HCV infection increases the risk of ischemic heart disease has also been investigated in several studies, with, again, both positive[@b15-cmc-suppl.3-2014-001],[@b20-cmc-suppl.3-2014-001] and negative[@b21-cmc-suppl.3-2014-001] results. On the one hand, Lin et al reported that among 5009 subjects with a mean age of 61.2 years from one community health examination in a southern village of Taiwan, HCV infection was found in 99 (1.9%) subjects, and these HCV-infected subjects had 1.76-fold increased risk of an ischemic electrocardiogram when compared with HCV non-infected subjects.[@b22-cmc-suppl.3-2014-001] In addition, in a large cohort of 82,083 HCV-infected and 89,582 HCV-uninfected subjects, Butt et al reported that HCV-infected subjects had lower mean total and low-density lipoprotein (LDL) plasma cholesterol, and triglyceride levels, as compared with uninfected subjects.[@b23-cmc-suppl.3-2014-001] Despite a favorable lipid profile in HCV-infected subjects, HCV infection was found to be associated with a higher risk of coronary artery disease with a hazard ratio of 1.27 (95% CI, 1.22--1.31) after adjustment of traditional risk factors.[@b23-cmc-suppl.3-2014-001]

On the other hand, in a retrospective cohort with a median follow-up of 3.2 years, Forde et al found no difference in the incidence rates of myocardial infarction between HCV-infected and uninfected patients (respectively, 1.02 versus 0.92, events per 1000 person-years).[@b24-cmc-suppl.3-2014-001] The prevalence of hyperlipidemia was lower among HCV-infected subjects; however, HCV infection did not have an increased hazard ratio after adjusting for potential confounders.

Furthermore, Tsui et al analyzed data from a cohort of patients with stable coronary heart disease and found that HCV-seropositive participants had higher rates of death, cardiovascular events, and hospitalization because of heart failure during the follow-up despite lower cholesterol and C-reactive protein (CRP) levels.[@b25-cmc-suppl.3-2014-001] In that study, however, the association between HCV and cardiovascular outcome (cardiovascular death, myocardial infarction, or stroke) lost statistical significance after adjustment of several clinical factors (such as smoking, diabetes, hypertension) and serum lipid data. It is possible that the discrepant findings with regard to association between HCV and coronary artery disease might be, again, due to differences in the populations examined, outcomes evaluated, and confounding variables used in the multivariate analyses.[@b24-cmc-suppl.3-2014-001]

Roed et al performed a systematic review of six published studies that were judged not to be heavily biased: one study suggested that HCV infection might be a protective factor against coronary artery disease, whereas the remaining five studies showed a trend toward the association of HCV with coronary artery disease.[@b26-cmc-suppl.3-2014-001] The authors advocated that clinicians should be aware of the possible association between HCV and coronary artery disease, and efforts should be made to reduce cardiovascular risk factors among HCV-infected patients.

HCV Infection and Ischemic Stroke
=================================

By analyzing a community-based prospective cohort of 23,665 residents, Lee et al demonstrated that the hazard ratio of cerebrovascular death was 2.18 (95% CI, 1.50--3.16) for HCV-seropositive subjects after adjustment of conventional risk factors.[@b16-cmc-suppl.3-2014-001] In their study, no specific HCV genotype was found to be more strongly (or weakly) associated with cerebrovascular death. In addition, by comparing individuals with stroke and age- and gender-matched subjects, Adinolfi et al reported that the prevalence of HCV-antibody positivity was significantly higher among patients with stroke (26.8%) than among control patients (6.6%), with an odds ratio of 2.04 after multivariate adjustment.[@b27-cmc-suppl.3-2014-001] They also analyzed the prevalence of ischemic heart events among the study participants, and found that such events were significantly more prevalent among the HCV-positive patients (22%) than among the HCV-negative subjects (13%). These findings suggested that HCV infection may be associated with a higher prevalence of both cerebrovascular and ischemic heart diseases.

Liao et al compared the incidence of stroke between 4094 adults who were newly diagnosed with hepatitis C infection and 16,376 age- and sex-matched adults randomly selected from the database.[@b28-cmc-suppl.3-2014-001] They reported that the cumulative risk of stroke was significantly greater for people with hepatitis C than for those without infection (2.5% vs. 1.9%, *P* \< 0.0001). The adjusted hazard ratio for risk of stroke for individuals with hepatitis C infection was 1.27 (95% CI, 1.14--1.41) as compared with those people without hepatitis C infection. Hsu et al also reported that newly detected stroke was more prevalent among subjects with HCV infection as compared with age- and sex-matched non-infected subjects with a hazard ratio of 1.23 (95% CI, 1.06--1.42; *P* = 0.008).[@b29-cmc-suppl.3-2014-001] Of note, Hsu et al also investigated whether interferon-based therapy had an impact on risk of stroke among patients with chronic hepatitis C. They found that interferon-based therapy markedly reduced the risk of stroke during one to five years of follow-up for HCV patients even after adjustment of known prognostic factors (adjusted hazard ratio 0.39; 95% CI, 0.16--0.95; *P* = 0.039), suggesting the possibility that controlling HCV infection might be beneficial for stroke prevention.

HCV Infection and Carotid Atherosclerosis
=========================================

Several studies have examined whether there is an association between HCV infection and carotid atherosclerosis. For example, Ishizaka et al showed that the prevalence of carotid plaque was higher among subjects who were positive for HCV-antibody or HCV core antigen than among control subjects.[@b13-cmc-suppl.3-2014-001],[@b14-cmc-suppl.3-2014-001] Although some studies reported similar observations, others demonstrated conflicting results.[@b30-cmc-suppl.3-2014-001] For example, Kiechl et al examined five-year changes in carotid atherosclerosis by high-resolution duplex scanning, and found a strong association between the development of new atherosclerotic lesions and respiratory, urinary, and other types of chronic infectious illness, including infections of *C. pneumoniae*; however, HCV seropositivity was found to be unrelated to early stage atherogenesis.[@b31-cmc-suppl.3-2014-001] In a population-based study, Miyajima et al demonstrated, in reverse, that patients with chronic HCV infection had significantly decreased carotid intima-media thickness as compared with non-infected subjects.[@b32-cmc-suppl.3-2014-001]

In 2010, Aslam et al undertook a systematic review of the literature to study the association between HCV and carotid atherosclerotic plaques[@b33-cmc-suppl.3-2014-001]; overall, 11 studies were selected for detailed review.[@b13-cmc-suppl.3-2014-001],[@b14-cmc-suppl.3-2014-001],[@b19-cmc-suppl.3-2014-001],[@b30-cmc-suppl.3-2014-001],[@b34-cmc-suppl.3-2014-001]--[@b39-cmc-suppl.3-2014-001] Among a total of 12,265 patients, 655 were found to be HCV positive. There were no differences in the baseline characteristics of patients according to HCV infection status. However, HCV-positive patients were more likely to have a carotid plaque than HCV-negative patients (48.2% vs. 20.7%, *P* = 0.05). Aslam et al advocated the necessity of long-term large-scale prospective studies to further confirm the association between HCV status and carotid atherosclerosis. By analyzing carotid artery morphology among 174 patients with G1 chronic hepatitis C patients that were consecutively biopsy-proven, Petta et al. found that carotid plaques were more prevalently found in HCV-infected patients compared with 41.9% vs. 22.9%, *P* \< 0.001).[@b40-cmc-suppl.3-2014-001] They also found that the presence of advanced hepatic fibrosis identifies a subgroup of patients with G1 chronic hepatitis C who are at higher risk of developing atherosclerotic lesions.

It is known that HCV infection is often associated with a favorable lipoprotein profile.[@b41-cmc-suppl.3-2014-001] It was recently shown that carotid intima-media thickness did not differ according to HCV infection status; however, after adjustment of cardiovascular risk factors, individuals with chronic HCV infection had increased intima-media thickness as compared with individuals who had never been infected, suggesting a direct infection on intima-media thickening.[@b42-cmc-suppl.3-2014-001]

HCV Infection and Aortic Stiffness
==================================

Tomiyama et al analyzed 7514 subjects who underwent annual health checkups, including pulse wave velocity (PWV), and showed that HCV seropositivity was a significant factor for PWV independent of known atherosclerotic risk factors.[@b43-cmc-suppl.3-2014-001] By analyzing the data from 148 patients on hemodialysis, Matsumae et al reported that HCV infection, as well as ankle-brachial blood pressure index and LDL cholesterol/high-density lipoprotein cholesterol, was a determinant of worsening carotid-femoral PWV.[@b44-cmc-suppl.3-2014-001] Oyake et al showed that, among 94 outpatients undergoing chronic hemodialysis, blood pressure, hemoglobin A1c, and HCV viremia were found to be independent determinants of high PWV.[@b45-cmc-suppl.3-2014-001] These findings suggest that chronic HCV infection may promote arterial stiffening.

Association between HCV Infection and Chronic Kidney Disease
============================================================

Chronic kidney disease is a condition defined as moderate decline in renal function and/or increase in urinary albumin excretion. Recent studies have shown that not only proteinuria but also decreased renal function, even before end-stage renal disease requiring chronic hemodialysis, is associated with increased cardiovascular events.[@b46-cmc-suppl.3-2014-001],[@b47-cmc-suppl.3-2014-001]

In a cross-sectional study in which data were analyzed from a large-scale community examination of 54,966 adults for HCV infection in an endemic area in Taiwan, Lee et al showed that HCV infection was an independent risk factor for both proteinuria and low glomerular filtration rate.[@b48-cmc-suppl.3-2014-001] In addition, by following up subjects who had the first-time diagnosis of HCV between 1999 and 2006, Chen showed that the frequency of chronic kidney disease was 1.66-fold higher in the HCV than in the non-HCV cohort (5.46 vs. 3.43 per 1000 person-years) with a significantly greater adjusted hazard ratio of 1.28 (95% CI, 1.12--1.46).[@b49-cmc-suppl.3-2014-001]

Possible Mechanisms to Explain the Observed Link
================================================

Several factors might mediate the link, if present at all, between HCV infection and atherogenesis.[@b50-cmc-suppl.3-2014-001] These include disrupted iron homeostasis, increased oxidative stress,[@b51-cmc-suppl.3-2014-001] induction of hepatic steatosis leading to aggravated insulin sensitivity and other related metabolic abnormalities,[@b52-cmc-suppl.3-2014-001] activation of immunological and/or inflammatory processes and associated cytokine imbalance,[@b53-cmc-suppl.3-2014-001],[@b54-cmc-suppl.3-2014-001] and in situ viral replications.[@b36-cmc-suppl.3-2014-001],[@b55-cmc-suppl.3-2014-001]

There may be receptors for HCV entry in cerebrovascular endothelial cells, and HCV RNA has been observed in brain tissue from infected individuals.[@b56-cmc-suppl.3-2014-001] In addition, Boddi et al demonstrated that HCV RNA was present within carotid plaques.[@b55-cmc-suppl.3-2014-001] Although not fully proven, these findings collectively suggest that active local infection of HCV may have an impact on the pathology of arterial wall cells.

Conclusion
==========

Herein we have described several studies that had tried to clarify the association or non-association between HCV infection and atherosclerotic disease; however, the results do not seem to be uniform. On the other hand, owing to their considerable consequences, cardiovascular disorders are not a negligible comorbidity among patients with chronic HCV infection.[@b57-cmc-suppl.3-2014-001] Furthermore, interferon/ribavirin combination therapy, which is effective for HCV eradication, may lead to an unfavorable lipid.[@b58-cmc-suppl.3-2014-001] In order to minimize the risk of vascular events, it is necessary to control atherogenic risk factors among HCV-infected patients, regardless of the mode of association between HCV and atherogenesis--that is, causal, resultant, or by chance.
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